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rate.2,6 Accordingly, use of the free GEA graft has not
been generally accepted. We hypothesized that the main
cause of free GEA spasm was the graft damage caused
by an interruption of venous drainage from the graft. To
overcome this problem, we anastomosed the accompa-
nied gastroepiploic vein (GEV) to the right atrial
appendage simultaneously with the GEA grafting in the
aortocoronary position. The purpose of this report is to
present our experience in 33 patients to whom our new
method of using a free GEA was applied and to assess
the rationale of our hypothesis.
Patients and methods
Patient population. From January 1997 to October 1999,
33 patients underwent CABG performed by a single surgeon
(A.M.) using the free GEA with venous drainage. There were
29 male patients and 4 female patients, with an average age of
58.2 years (range, 37-74 years). All patients signed informed
consent forms before the operation. Preoperative clinical
characteristics of the 33 patients are shown in Table I. One
patient had a previous cholecystectomy. In 2 patients the free
GEA grafting was aborted because of inadequate conduit size
during the study period.
Because of their excellent long-term patency, arterialgrafts are currently the first choice for coronary
artery bypass grafting (CABG). In recent years, the gas-
troepiploic artery (GEA) has been clinically used as a
second reliable arterial material in addition to the inter-
nal thoracic artery (ITA).1,2 However, the use of in situ
GEAs for CABG often shows flow competition
between the graft and the native coronary artery when
bypassed to the coronary artery with marginal stenosis
in addition to showing a limited flow capacity.3-5
Moreover, the GEA pedicle can be damaged during
future abdominal procedure. These disadvantages arise
from its use as an in situ graft. Although removing the
GEA and using it as a free graft in the aortocoronary
position may resolve these problems, some reports
warn of the risk of free GEA spasm and a low patency
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Surgical technique. The median sternotomy was per-
formed, and the incision in the midline abdominal fascia was
extended to the midpoint between the xiphoid process and the
umbilicus. The right GEA and vein graft was dissected along
the distal half of the greater curvature of the stomach to the
pylorus by means of an ultrasonic scissors (Harmonic
Scalpel, Ultracision: Ethicon Endo-Surgery, Inc, Cincinnati,
Ohio) to divide the branches to the stomach and omentum.
After systemic heparinization, both proximal and distal ends
of the graft were cut to be harvested. The distal end of the
GEA and the proximal end of the GEV were cannulated with
the soft, plastic, olive-tipped needles. A solution of blood and
papaverine (40 mg/L) was injected gently into the vessels to
dilate the GEA and GEV. Simultaneously, bleeding from the
side branches was detected, and the GEV was identified and
marked with a skin marker. A 7- to 8-mm long incision was
made on the marked spot of the GEV 3 cm from the proximal
end of the graft for anastomosis to the right atrial appendage.
Both ends of the GEA were trimmed for anastomoses, and
both ends of the GEV were ligated with sutures. Then the
graft was placed in chilled Ringer’s lactate solution until
transplantation.
After initiation of the cardiopulmonary bypass with bicaval
canulation, a 7- to 8-mm long incision was made on the right
atrial appendage by using a side-bite clamp where the GEV
was side-to-side anastomosed by means of a running suture
with 2 threads of 7-0 polypropylene (Fig 1). Then the aorta
was crossclamped, and cardioplegia was used to establish
cardiac arrest. A 4-mm hole was made on the aorta on which
the proximal end of the GEA was directly anastomosed with
a 6-0 polypropylene suture. The distal anastomosis was also
performed by means of a running 7-0 polypropylene suture.
Then other grafts were anastomosed during a single cross-
clamping (Fig 2). Fig 3 shows the difference between our
technique and the conventional technique of free GEA graft-
ing.
Angiographic evaluation. Follow-up angiography was
performed 2 to 4 weeks after the operations in 33 patients.
The results of the angiography were evaluated by 2 cardiolo-
gists in terms of patency, spasm, and string sign. The flow
characteristics of the grafts were divided into 4 categories,
according to the method described by Uchida and Kawaue4:
graft dependent, balanced, native dependent, and occluded.
The cardiac catheterization was repeatedly performed 11 to
13 months postoperatively in 15 patients.
Results
A total of 96 distal anastomoses were performed
(average, 2.9 per patient), including 33 free GEA
grafts, 33 in situ left ITA grafts, 26 vein grafts, and 4
radial artery grafts. Free GEA grafting of our tech-
nique was applied to the main right coronary artery in
18 patients, the distal right coronary artery branches
(posterior descending or posterolateral branches) in
13 patients, and the circumflex branches in 2
patients.
Neither operative nor hospital death was document-
ed. Eighteen (54.5%) of 33 patients were operated on
without allogeneic blood transfusion. The results of
early postoperative angiography are shown in Table II.
All of the 33 free GEA grafts were patent and with-
Fig 1. Technique for GEV–right atrial appendage (RAA)
anastomosis. After initiation of cardiopulmonary bypass,
GEV–right atrial appendage anastomosis is performed with
ease.
Fig 2. Schema of our technique. Proximal anastomosis of
GEA with aorta, distal anastomosis of GEA to right coronary
artery (RCA), and GEV drainage into the right atrial
appendage (RAA) are illustrated. Ao, Aorta; LITA, left ITA;
LAD, left anterior descending artery.
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out spasm. In 12 patients the free GEA was put on the
proximal right coronary artery with moderate stenosis
(50%-75%). In this group all grafts were patent, but
flow competition occurred in 2 grafts. In those grafts
with flow competition, proximal stenosis was just 50%.
The flow pattern of the free GEA grafts in this group is
shown in Table III.
Close observation of the angiography revealed that
the small side branches run into the surrounding tissue
from the main GEA (Fig 4). In one case the grafted
GEV was cannulated in a retrograde manner through
the right atrial appendage, and contrast medium was
infused into it. The infused contrast medium flew
through the GEV into the right atrium (Fig 5).
The duration of the follow-up was 59.9 patient years.
One patient had ileus 6 months after the operation,
which healed with conservative treatment. One patient
died 30 months after the operation as a result of gastric
cancer. Late angiographic control was obtained after a
mean follow-up of 12 months in 15 patients. All of the
15 free GEA grafts were patent and without spasm, but
the flow competition was repeatedly observed in 2
grafts without progression of the proximal stenosis.
Discussion
Lytle,7 Tanimoto,8 and their colleagues reported the
use of the right GEA as a free graft. Advantages of a
free GEA method are as follows: (1) the flow through
a free GEA is larger than that through an in situ GEA;
(2) freed grafts gain additional length to reach a distal
coronary branch; and (3) graft damage with a future
abdominal procedure can be avoided. However, some
reports revealed that the free GEA grafts were prone to
vasospasm, and the early patency rate of the free GEA
grafts was lower than that of in situ grafts.2,6 At present,
it is more common to use an in situ graft for the GEA
than a free graft.
Foster and Kranc9 provided an explanation for the
free GEA spasm. The GEA has well-developed vasa
vasorum in its adventitial layers that penetrate deep
into the media. When it is used as a free graft, the vasa
vasorum of the vessel is disrupted at both ends, which
leads to ischemia of the vessel wall and ultimately
leads to graft spasm and occlusion. This explanation,
however, is not accurate. The vasa vasorum of the har-
vested GEA can be preserved if the graft is dissected en
bloc, together with its pedicle, including the satellite
veins and the surrounding adipose tissue.
We have had 3 patients who underwent CABG with
the traditional use of a free GEA. Unfortunately, the
result could not encourage the use of a free GEA as an
alternative arterial graft to the ITA. In 1 case the ster-
num closure was disturbed by the swollen periarterial
tissues, mainly caused by blood congestion. In another
case troublesome bleeding occurred when the graft was
unclamped, and control of bleeding jeopardized the
graft. In these 2 cases postoperative angiography
revealed the grafts to be occluded. These distinct obser-
vations in traditional use of a free GEA indicated the
necessity for another technique of free GEA grafting.
The major complications with a free GEA were
swelling of the graft and bleeding from it, which were
caused by a lack of venous drainage. We tested the har-
vested grafts before transplantation in 10 cases in this
study. Heparinized blood was injected into GEA in the
graft at a high pressure (100 mm Hg) to detect bleeding
from the side branches, and simultaneously, pressure
change in the GEV was recorded. In all 10 grafts,
venous pressure increased from 0 mm Hg to over 40
mm Hg within 2 minutes, and swelling of the grafts
was observed. Then blood flow from the open end of
the GEV was measured, which indicated a rate of 2.0
to 9.5 mL/min. The results of this clinical study suggest
Table I. Preoperative clinical characteristics
Patient characteristics No. %
Sex
Male 29 87.9
Female 4 12.1
Coronary disease
Double-vessel disease 8 24.2
Triple-vessel disease 25 75.8
Diabetes mellitus 14 42.4
Hypertension 18 54.5
Hypercholesterolemia 15 45.5
Total 33
Table II. Early patency of the grafts
Flow 
Patent competition Occluded
Free GEA 31 2 0
Left ITA 31 1 1
SVG 25 0 1
RA 4 0 0
SVG, saphenous vein grafts; RA, radial artery grafts.
Table III. Flow pattern of the free GEA grafts
bypassed to the right coronary artery with moderate
stenosis
No. of Graft Native
grafts dependent Balanced dependent Occluded
12 9 1 2 0
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that free GEA grafting in the aortocoronary position
without venous drainage undoubtedly causes expansion
of the GEV and swelling of the graft pedicle.
We hypothesized that the cause of the free GEA
spasm might be graft damage caused by an interruption
of venous drainage from the graft instead of the disrup-
tion of the vasa vasorum. To solve this problem, we
anastomosed the accompanied GEV to the right atrial
appendage for venous drainage simultaneously with the
GEA grafting.
Because omentum is a living tissue that contains a lot
of lymphatic, venous, and arterial vessels, free GEA
grafting without venous drainage causes graft swelling.
Mills and Everson6 reported edema in the pedicle when
the GEV was ligated during harvest of the GEA graft.
On the other hand, free ITA and other arterial grafts
other than GEA grafts rarely include edema in the pedi-
cle. This is the reason why only free GEA grafting
requires venous drainage. Gagliardotto and col-
leagues10 reported a skeletonized in situ GEA tech-
Fig 3. Schematic representation of the difference between our technique and the conventional technique of free
GEA grafting. A, The graft is swollen with blood because of an interruption of venous drainage. B, The venous
blood can drain through the GEV into the right atrium. White arrows indicate the arterial blood flow. Black arrows
indicate the venous blood flow of the graft. Ao, Aorta; RCA, right coronary artery; RAA, right atrial appendage.
Fig 4. Postoperative angiogram of free GEA–right coronary artery anastomosis. Arrows indicate the small side
branches running into the surrounding tissue.
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nique. A skeletonization technique may allow the pre-
vention of free GEA swelling, but it is time consuming
and technically demanding.
With our newly developed technique, the anastomo-
sis of the GEV to the right atrial appendage can be done
with a beating heart with the aid of cardiopulmonary
bypass. As a result, the cardiac ischemic time is not
prolonged. It takes less than 15 minutes to harvest free
GEA grafts with the use of a Harmonic Scalpel. 
Because the proximal end of the GEA is greater than
3 mm in diameter, the anastomosis can be constructed
directly into the aorta with a continuous 6-0 polypropy-
lene technique.
Bleeding from the side branches or swelling of the
graft did not actually occur after unclamping in our
experience.
Postoperative angiographic findings, in which the
small side branches ran into the surrounding tissue
from the main GEA with a patent grafted GEV, sug-
gested the continued life of the transplanted grafts.
Suma and colleagues2 reported the lower patency rate
of free GEA grafts (75%) compared with that of in situ
GEA grafts (95%). Mills and Everson6 reported that 3
of 10 free GEA grafts had major vasospasm at early
postoperative cardiac catheterization. In our study all
of the 33 free GEA grafts with venous drainage showed
a 100% patency rate without spasm. With regard to
higher patency and immunity from vasospasm, our new
technique of free GEA grafting with venous drainage is
superior to the simple free GEA method.
Uchida and Kawaue4 warned of the risk of flow compe-
tition when an in situ GEA is used to bypass a moderate
stenosis lesion. They reported that the grafts with a GEA-
dependent flow pattern were only 32.4% (11/34) in 34 in
situ GEA grafts bypassed to coronary arteries with 75%
stenosis. However, in our study 12 free GEA grafts were
targeted to the moderate stenosis lesion at the proximal or
mid right coronary artery (Table III). Under the same con-
dition, a free GEA–dependent pattern was recognized in
75% (9/12) of cases. Our clinical experience demonstrat-
ed that the free GEA can be broadly used to bypass the
coronary arteries with marginal stenosis. When GEA is
used as a free graft instead of an in situ graft, blood flow
is supplied directly from the ascending aorta, and the graft
is larger at its distal end, it may have greater flow capaci-
ty and less sensitivity to competition flow.
Early and midterm angiographic results of the free
GEA grafts with venous drainage demonstrate excel-
lent patency rates and flows. Long-term patency of this
graft is unknown. However, our new method is trans-
plantation of the living omentum graft. The free GEA
graft in our method is not only an arterial conduit but
also a part of the living organ. We are hoping for a good
long-term patency rate of this graft.
In conclusion, free GEA grafting with a simultaneous
GEV drainage can prevent GEA spasm, leading to
improvement in the patency rate in addition to provid-
ing more flow than in situ GEA. We advocate here that
it is time to revive free GEA grafting, which has been
neglected, with the help of our new method.
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Fig 5. Postoperative angiogram of functioning venous system of the transplanted graft.
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